We describea modifiedimmunobtotting method for phenotyping lipoprotein(a) [Lp(a)]. This immunoblottingprocedure uses commercially available reagents that have a long shelf life. The method is sensitive and takes only 18 L of sera. Lp(a) phenotyping can be performed on sera stored at 4 #{176}C for as much as a week or at -80 #{176}C for as long as a year. In a study of 145 unrelated healthy subjects, we found Lp(a) allelic frequencies of LpF = 1.8%, LpB = 2.6%, LpSl = 5.1%, LpS2 = 14.8%, LpS3 = 35.9%, Lp = 11.6%, and Lp#{176} = 28.0%. 
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An increased
Lp(a) concentration (>300 mgfL) is an independent risk factor for cardiovasculardisease,even in individualswith a normal cholesterol concentration (3) , and this increase is associated with a two-to threefoldincreasedriskof coronary artery disease (4, 5) .
Lp(a) concentrationisgeneticallydetermined ( We report here a modified immunoblotting method for
Lp(a) phenotyping.
In addition,we have studied the Lp(a) phenotypes of a normal North American population and analyzed the Lp(a) allelic frequencies by this method.
Materials and Methods

Subjectsand Specimens
We studied 145 healthy volunteers,66 men and 79
women. Of the study subjects, 72 were recruited from employees at the National Institutes of Health (NIH) in Bethesda, MD, and 73 study subjects were blood donors at the Transfusion Service of the Clinical Center of the NIH. These donors were screened and found to be negative for hepatitis B and human immunodeficiency virus infection.
Persons with history of heart disease were excluded. Subjects identified their own races. Twenty subjects were Orientals (nine women, 11 men), 59 were African-Americans (32 women, 27 men), and 66 were Caucasians (38 women, 28 men). Serum specimens obtained from the study subjects were either stored at 4#{176}C for no more than a week or at -80 #{176}C until assayed. 
Apparatus
Electrophoresis.
We mixed 18 pL of the specimens with 100 pL of sample buffer that was freshly prepared by mixing 4 mL of SDS (50 g/L in water), 800 jL of 2-mecaptoethanol,800 p.L of750 mL/L glycerol solution, and 200 pL of 10 g/L bromphenol blue reagent. The solutionwas heated in a boiling-waterbath for 10 mm, then appliedin 10-FL aliquotsto the top of the slabgel.
Vertical
gel electrophoresis was performed in a 3.5% stacking gel (pH 6.1) and a 6.6% separation gel, as described by Utermann et al. (11) . Electrophoresis was carried out at constantcurrent of 60 mA and a constant temperature of 8 #{176}C. When the bromphenol blue marker had reached the end of the gel, electrophoresis was continued foran additional 90 mm.
Immunoblotting of Lp(a). Proteinswere electrophoret-
ically transferred from the polyacrylamide gel to a nitrocellulose membrane in a buffer of,per liter, 25 mmol ofTris, 192 mmol of glycine, pH 8.3, and 200 mL of methanol, as described by Towbin et al. (12) . The electrophoretic transferrequired a constant current of 75 mA overnight.
The membrane was then treated with a solutioncontaining50 g of nonfat dry milk per liter of Ths-buffered saline(100 mmol ofTris and 9 g ofsodium chlorideper liter, pH 7.5) for 3 h at room temperature to saturate free protein-bindingsitesin the iriembrane. The blotswere washed once with Ths-buffered saline, then incubated overnight with sheep anti-human Lp(a) antibody (diluted1000-foldwith Ths-buffered saline). After rinsing the blots brieflywith de-ionizedwater, they were washed with three changes of 100 mL of Ths-buffered Results Figure 1 shows an Lp(a) phenotyping immunoblot performed by this method. According to the nomenclature of Utermann et al. (11) , Lp(a) protein patterns were classified as phenotypes F (migrates faster than Apo B-100 on SDS gel electrophoresis), B (migrates identically to Apo B-100), and S, S2, S3, and S4 (migrates more slowly, to different degrees, than Apo B-100) and as the variousdouble-band phenotypes.The alleles that code for bands F, B, S,,S2,S3 and S4 are designated Lp', LpB, LpS1, LpS2, Lpso, and Lp, respectively. The null allele is designated Lp#{176}. We found that serum specimens stored at 4 #{176}C for a week or at -80 #{176}C for as long as one year were suitable for Lp(a) phenotyping.
Among 145 patients studied, 17
(11.7%), 72 (49.7%), and 56 (38.6%) had none, one, or two bands detected, respectively (Table 1 ). The allelic frequencies of this population were calculated to be Lp', 1.8%; LpB, 2.6%; LpS1, 5.1%; LpS2, 14.8%; Lpso, 35.9%; Lp, 11.6%; and Lp#{176}, 28.0%. The Lp(a) allelic frequency of African-Americans in this group was not significantly different from the Caucasian population (P = 0.10) ( Table 2 ).
Discussion
The factors that influence Lp(a) band detection by an immunoblotting method include the patients' Lp(a) concentration, the amount of serum applied for electrophoresis, the titer and affinity of the primary anti-Lp(a)
antibody, the incubation times for both primary and secondary antibodies, and the sensitivity of the detection system. The current method appears to be more sensitive in detecting Lp(a), because the frequency of the Lp#{176} allele was 28.0% by this method, compared with 65.4% by the previous method (11) . The major difference between this method and the method of Utermann et al. (11) is the detection system. The previous method used gold-labeled secondary antibody and further enhancement with silver stain (11) . In the immunoblotting method we describe, a biotinylated secondary antibody was used, which has the advantage of being very sensitive (signal amplification by peroxidase-labeled avidin) with a "no band detected" phenotype had Lp(a) detectable by an enzyme immunoassay of Lp(a). The assigned frequency of the Lp#{176} allele will thus decrease further as even more sensitive Lp(a) phenotyping methods are developed in the future. The sensitivity of the immunoblotting method also obviously directly affects the accuracy of the Lp(a) phenotyping and Lp(a) allele frequencies. The weak band will not be detected or will be misidentified as a null or a single-band phenotype when a less-sensitive method is used.
The frequency of single-band Lp(a) phenotypes in this North American population is similar to that in the European population, but we detected more people with double-band Lp(a) phenotypes (38.6%) than in the European population (6.3%) (11) . Furthermore, 44% of the European population had no Lp(a) band, whereas only 11.7% of the American population had no Lp(a) band. This difference is most probably caused by the sensitivity of the immunoblotting method; however, some portion of the difference may also be attributable to differences in these populations.
In summary, this modified immunoblotting technique provides a sensitive and rapid method for Lp(a) phenotyping that should be readily adaptable for use in many different settings.
